The electromagnetic structure of the lightest hadrons, proton, pion, and kaon, is studied by high precision measurements of their form factors for the highest timelike momentum transfers of |Q 2 | = s = 14.2 and 17.4 GeV 2 . Data taken with the CLEO-c detector at √ s = 3.772 GeV and 4.170 GeV, with integrated luminosities of 805 pb −1 and 586 pb −1 , respectively, have been used to study e + e − annihilations into π + π − , K + K − , and pp. The dimensional counting rule prediction that at large Q 2 the quantity Q 2 F (Q 2 ) for pseudoscalar mesons is nearly constant, and should vary only weakly as the strong coupling constant, αS(Q 2 ), is confirmed for both pions and kaons. However, the measurements are in strong quantitative disagreement with the predictions of the existing QCDbased models. For protons, it is found that the timelike form factors continue to remain nearly twice as large as the corresponding spacelike form factors measured in electron elastic scattering, in significant violation of the expectation of their equality at large Q 2 . Further, in contrast to pions and kaons, a significant difference is observed between the values of the corresponding quantity Knowledge of the quark-gluon structure of the only stable baryon, the proton, and the lightest mesons, the pion and kaon, is of great interest for both nuclear and particle physics. Important questions about the size of the proton, the composition of its spin, and the large difference between its spacelike and timelike form factors remain open. Timelike form factors of pions and kaons, which are needed for the precision determination of the hadronic loop contribution to the muon g − 2 anomaly [1, 2] , are poorly known. Spacelike form factors of pions and kaons needed for the understanding of nuclear and hypernuclear forces are difficult to measure at large momentum transfers, and can only be obtained by analytic continuation of timelike form factors [3] . To meet these needs, precision measurements of timelike form factors at the highest possible momentum transfers are needed. In this Letter we report measurements of the form factors of pions, kaons, and protons with much higher precision, and for much larger timelike momentum transfers than before [4, 5] .
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Earlier measurements of proton form factors for large timelike momentum transfers (Q 2 < 0) made by the Fermilab E760/E835 pp → e + e − experiments for |Q 2 | = 8.84 − 13.11 GeV 2 [4] , and the CLEO e + e − → pp measurements at |Q 2 | = 13.48 GeV 2 [5] , revealed that the timelike form factors are nearly twice as large as the corresponding spacelike form factors, a result in strong disagreement with the expectation of their equality at asymptotically large |Q 2 |. The measurement of pion and kaon timelike form factors by CLEO at Q 2 = 13.48 GeV 2 [5] revealed that while the dimensional counting rule prediction of a α S /|Q 2 | variation of the form factors [6] was apparently confirmed, the measured form factors were factors 4 − 8 larger than predicted. Further, the ratio F π (|Q 2 |)/F K (|Q 2 |) was also found to be nearly twice as large as the QCD prediction that it should be equal to the ratio of the squares of the decay constants, f [7] . These large differences from theoretical predictions raise important questions about how valid the asymptotic predictions are at the measured momentum transfers, and make it imperative to extend the measurements to larger momentum transfers.
We use data taken with the CLEO-c detector, which has been described in detail before [8] , to study the reactions e + e − → pp, π + π − , and No measurements of the branching fractions for non-DD two-body decays of either ψ(3772) or ψ(4160) to light hadrons exist [9] , but they can be estimated using the perturbative QCD (pQCD) prediction that the hadronic decays of ψ(nS) states scale with the principle quantum number n in the same way as the dilepton decays. The measured values, B(ψ(3770) → e + e − ) and B(ψ(4160) → e + e − ), are ≈ 10 3 times smaller than B(ψ(2S) → e + e − ) [9] . This leads to the estimate that the branching fractions for π + π − , K + K − , and pp decays of ψ(3770) and ψ(4160) are approximately 0.9 × 10 −8 , 9 × 10 −8 , and 3.2 × 10 −7 , respectively, based on the measurements for ψ(2S) decays [9, 10] . This leads to the estimates that with more than 5.2 million ψ(3772) and ψ(4160) formed in the present measurements, the numbers of resonantly produced π + π − , K + K − , and pp are ∼ 0.04, 0.4, and 1.8, respectively. In other words, the resonance contribution to their yield is expected to be vanishingly small, and the counts observed in the present analysis can be entirely attributed to the timelike electromagnetic form factors.
The event selection and particle identification for the analysis reported in this Letter are similar to those in our earlier publication [5] . The reconstructed events are required to have two charged tracks, zero net charge, and | cos θ| < 0.80. Each charged particle is required to satisfy the standard criteria for track quality and origin of the track at the interaction point. In order to develop dataindependent particle identification criteria, and to determine event selection efficiencies, Monte Carlo (MC) samples were generated for e + e − → h + h − , h = p, π, K using the EvtGen generator [11] , and e + e − → l + l − , l = e, µ, using the Babayaga generator [12] . For e + e − → π + π − and K + K − , the Monte Carlo samples were generated with sin 2 θ angular distributions, since for pseudoscalar mesons, the differential cross sections are
where α is the fine structure constant, cβ m is the meson velocity in the laboratory frame, and F m (s) is the form factor for timelike momentum transfer at s = |Q 2 |. For e + e − → pp the Monte Carlo samples were generated with both (1 + cos 2 θ) and sin 2 θ angular distributions, since
where G E (s) and G M (s) are the electric and magnetic form factors of the proton, respectively, and τ ≡ 4m 2 p /s. Monte Carlo generated momentum distributions for different pairs of hadrons (h + h − ) and leptons (l + l − ) show that the peaks for individual particles are broadened by detector resolution, and they overlap and develop large tails at low momenta, mainly due to final state radiation. Further, the several orders of magnitude larger QED yields of leptons (e + e − and µ + µ − ) overwhelm the hadron peaks. The first step of analysis therefore consisted of minimizing the lepton contributions and the radiative tails. This preselection of events was done by removing events with E CC (energy loss in the central calorimeter)/p(track momentum) > 0.85 (which reduced e + e − by a factor ∼ 10 5 ), removing those with any hits in the muon chambers (which reduced muons by a factor ∼ 10
2 ), and requiring that the vector sum of the momenta of the pair be p +,− < 60 MeV/c (which greatly reduced the radiative tails). To develop further event selection criteria, we use the variable
For particle identification in the RICH detector, we define the parameter L i , which is the likelihood that a particle corresponds with a given hypothesis of being of species, i, based on the Cherenkov photons detected in the RICH detector. We combine this with dE/dx information from the drift chambers,
2 /σ 2 measured , to construct the joint variable ∆L(i, j) to distinguish particle type i from contaminant particle type j,
Monte Carlo simulations show that the default values of ∆L(i, j) < 0 are very effective in distinguishing between the desired particle i and the contaminant particle j. Accordingly, we require ∆L(p, µ), ∆L(p, e), ∆L(K, µ), ∆L(K, e), ∆L(K, π), ∆L(K, p), ∆L(π, e), ∆L(π, K), ∆L(π, p) < 0. Because pions and muons have similar masses, a ∆L(i, j) cut is not effective in distinguishing between pions and muons. It was shown in Ref. [5] that E CC can be very effective in distinguishing muons, which suffer only ionization loss in the CC crystals, from pions, which suffer additional energy loss due to hadronic interactions in the crystals. We therefore impose the additional requirement of E CC > 350 MeV. With this additional requirement, muon contamination in the pion peak is found to be less than 1%, and the X π,K,p distributions for both √ s = 3772 MeV and 4170 MeV are all free of contaminants, as shown in Fig. 1 .
Since the peaks in Fig. 1 have essentially no backgrounds, we obtain the number of counts N π (s) and N K (s) as counts in the range X π,K = 1.000 ± 0.015, and N p (s) as counts in the range X p = 1.000 ± 0.010. We note that the X p distribution for √ s = 3772 MeV in Fig. 1(e) has a definite tail in the low X p region. As shown by the unshaded histogram in Fig. 1(e) , this arises from pp from the decay of ψ(2S, 3686) produced by initial state radiation (ISR), and is clearly observed when the net vector momentum in the events is increased to p < 150 MeV/c. sections are related to the angle integrated cross sections
The cross sections σ B and the form factors F π,K and G M (assuming G E = G M ) derived from them are listed in Table I . The systematic uncertainties listed in the table are as described later. In the [14] . At the largest |Q 2 |, these results have up to ±100% errors, and were based on < 10 counts/bin. Our earlier measurement [5] at |Q 2 | = 13.48 GeV 2 had only 26(5) observed counts, and resulted in F π (13.48 GeV 2 ) = 0.075 (9) . The present results, F π (14.2 GeV 2 ) = 0.065(2) and F π (17.4 GeV 2 ) = 0.048(1) are based on 661(26) and 218(12) observed counts, respectively. These are listed in Table I . In Fig. 2 we plot our results together with all previous results, including the indirect result for [15] . As shown in the figure, all measurements with |Q 2 | > 9 GeV 2 are in excellent agreement with the dimensional counting rule prediction of a 1/|Q 2 | variation of the form factors at large momentum transfers. Also shown in the figure are three illustrative theoretical predictions. The Q 2 behavior of the prediction of the QCD sum rule inspired model [16] disagrees strongly with the data. The pQCD prediction of Gousset and Pire [17] is nearly a factor two smaller than our measurements, and the latest AdS/QCD prediction by Brodsky and de Teramond [18] reproduces the data below 5 GeV 2 , but falls to 2/3 of the observed values for |Q 2 | > 5 GeV 2 . Czyz et al. [19] have shown that the measured Table I . In Fig. 2 , we show our present results for kaon form factors along with early results for |Q 2 | < 4.4 GeV 2 [20] , the indirect result for [21] , and our previous measurement at |Q 2 | = 13.48 GeV 2 [5] . As for pions, all results for |Q 2 | > 9 GeV 2 follow the predicted α S /|Q 2 | behavior of the form factors. No theoretical predictions for kaon timelike form factors exist. An empirical fit to the data has however been made by Czyz et al. [19] , but it requires an "infinite tower" of hypothetical ρ, ω, and φ resonances. Fig. 2 , we show the previously published proton form factors for timelike momentum transfers. At the largest |Q 2 | all these measurements were severely limited by statistics, with 0 and 1 counts at |Q 2 | = 14. The solid points in the pion and proton panels are from BaBar ISR measurements [14, 22] , the open triangles are from FNAL pp measurements [4] , the open circles are from the CLEO measurements [5] , the open squares at |Q 2 | = 16.1 GeV 2 and 18.3 GeV 2 are from our small statistics data sets, and the solid squares are from the present measurements at |Q 2 | = 14.2 GeV 2 and 17.4 GeV 2 . The theoretical curves for pions are from References [16, 17, 18] . The solid curves illustrate the arbitrarily normalized variation of αS for π and K, and α
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